Total white cell counts were reviewed in paediatric in-patients with viral gastroenteritis, bacterial gastroenteritis, delayed recovery following acute gastroenteritis, viral lower respiratory tract infections and cow's milk protein intolerance. The prevalence of neutrophilia was not different in the five groups. Neutropenia was common in association with the presence of viruses in stool or sputum, and was significantly more common in these groups than in patients with bacterial gastroenteritis and cow's milk protein intolerance. Neutropenia has not been previously reported in viral gastroenteritis. It was transient in nature and not related to age, sex, weight or antibiotic treatment; no pancreatic disorders were noted.
Introduction
It is generally considered that the number of polymorphonuclear neutrophil leucocytes increases in bacterial infection'92 and decreases in viral infe~tion.~ However, in viral infections of the gastrointestinal tract, previous studies have shown no white cell abnormalities apart from a mild leuco~ytosis.~-~ Therefore, we have reviewed total white cell counts in patients with acute gastroenteritis to re-assess the neutrophil response to mucosal infection. These results were then compared to neutrophil counts in patients (a) suffering delayed recovery after acute gastroenteritis, (b) with acute viral infections of the lower respiratory tract, and (c) with cow's milk protein intolerance in whom there was no evidence of infection.
Patients and methods

Put ien ts
Total white cell counts were reviewed in patients admitted to Queen Elizabeth Hospital for Children, London, during the period Jan. 1989-March 1990. The patient population consisted of five study groups:
Group I : 66 patients (male 37, female 29; median age 7.5 months, range 1-59 months) with acute viral gastroenteritis (rotavirus 52, adenovirus 8, astrovirus 5, rotavirus and small round virus 1). 
Microbiological investigations
For patients belonging to groups I, 11, I11 and V, stool samples were sent daily for bacterial culture; stool virological examination by electronmicroscopy was performed on admission and at the time of delayed recovery (group 111). Serotypable E. coli were recognised by culture on MacConkey agar followed by slide agglutination with agglutinating antisera from the Central Public Health Laboratory, Colindale Avenue, London. Salmonella and Shigella species were grown on SS Agar (Difco) and typed with Public Health Laboratory Service agglutinating antisera. Campylobacter isolation was by culture at 42°C on agar containing trimethoprim, vancomycin and colistin. 
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For patients belonging to group IV, with acute lower respiratory tract viral infection, nasopharyngeal aspirates were cultured for the detection of adenovirus and immunofluorescence was performed for respiratory syncitial, parainfluenza and influenza viruses.
White blood cell counts
In groups I, I1 and IV, total white cell counts were performed within 24-48 h of admission; in group 111, counts were taken within 24-48 h of the diagnosis of delayed recovery. Counts were performed within 1-6 days of admission in group V (18 of the 25 counts were performed within 48 h). Neutropenia was defined as an absolute neutrophil count of < 1500 ~e l l s / m m~.~ Neutrophilia was defined as an absolute neutrophil count > 10 000 cells/mm3.'.2 The x2 test was used to assess the significance of the results.
Clinical measurements
In all groups, weight percentile, antibiotic treatment and any evidence of pancreatic disorder were recorded. In patients with acute viral gastroenteritis and neutropenia, medical records were studied retrospectively for changes in neutrophil counts and any long term complications.
Results
Only one of the children with cow's milk protein intolerance and no evidence of infection (group V) had neutropenia, two had neutrophilia. In group I, 18 (27%) patients with viral gastroenteritis had neutropenia and three patients had neutrophilia. In patients with acute bacterial gastroenteritis (group 11), only one patient had neutropenia; the others had neutrophil counts > 2500 cells/mm3 and four had neutrophilia.
In group 111, 12 (26%) patients with delayed recovery had neutropenia; in 1 1 of these, viruses were detected in the stool and one was negative for stool pathogens; neutrophilia was found in three patients. In group IV, eight patients (25%) with lower respiratory tract infections had neutropenia and three had neutrophilia.
The prevalence of neutropenia was significantly greater in groups I and IV when compared to group V (p < 0.001 for both) ; there was no significant difference between the results with groups I1 and V. Results obtained with group I11 were similar to those with groups I and IV, i.e., a significant increase in the number of cases with neutropenia in comparison to group V (p < 0.001).
Neutropenia was not related to age, sex or weight percentile and no pancreatic disorder was noted in any of the groups. The retrospective study of medical records of patients with acute viral gastroenteritis and neutropenia revealed no long term complications, and in six patients who had repeat counts performed, the neutrophil count returned to normal within 3-41 days. There were no significant differences in the finding of neutrophilia in groups I, 11, I11 and IV in comparison to group V.
Discussion
The patients with cow's milk protein intolerance were included as a control group without infection. The results from this group indicated that an occasional example of neutropenia may be expected in a patient in whom no evidence of infection has been documented; generally, these results were remarkably similar to those in children with bacterial gastroenteritis. This contrasted with the results from patients with viral gastroenteritis, in whom c. 25% of cases had Thus, neutropenia in viral gastroenteritis does not appear to have been reported previously. This is surprising in view of the common finding of neutropenia in the patients in this study, which also indicated markedly different neutrophil response in viral and bacterial gastrointestinal infections. Another difference in neutrophil responses relates to stool leucocytes. It has been shown that there are increased faecal losses of leucocytes in bacterial gastroenteritis and less, or no, leucocyte losses in the stools of patients with viral gastroenteritis.'-' This suggests that the neutropenia in viral gastroenteritis is not a result of losses in the stool, but may relate to depletion of the bone marrow reserve of polymorphonuclear leucocytes, a temporary suppression of haemopsiesis, or increased peripheral utilisation of neutrophils (either due to margination or l y~i s ) .~ Further studies are needed to unravel the pathogenesis of neutropenia in viral gastrointestinal infection.
It is possible that the site of infection might influence the neutrophil response. Bacteria tend to colonise the distal small intestine and large intestine' whereas viruses mainly infect the proximal small intestine.' However, a significant neutropenia was also seen in viral lower respiratory tract infections, suggesting that neutropenia is associated with mucosal viral infection per se. Ideally, a group of children with bacterial respiratory infections should have been studied, but access to bronchial sputum samples is limited and confirmed bacterial infections are, therefore, infrequent. Gregory and Hey14 studied the blood neutrophil response to bacterial infection in the first months of life and described five children with pneumonia, all of whom had high neutrophil counts of >9000 cells/mm3. Similarly, they described raised neutrophil counts in neonates with urinary tract infections (i.e., infections of another mucosal surface), further supporting the suggestion of a different neutrophil response to bacterial and viral mucosal infections.
Fifteen patients had neutrophilia, yet in only five patients was a bacterial pathogen detected. In six cases, a viral pathogen was present making the explanation that the neutrophilia was due to an undetected bacterial pathogen unlikely. However, the most striking examples of neutrophilia were seen in two patients with shigellosis. This has been reported previously' '-' ' and may be a useful diagnostic finding, although the other five cases with shigella infections had normal neutrophil counts.
The neutropenia seen in the viral gastroenteritis group was transient, indicating that it was specifically related to the infective episode and was not indicative of an underlying disorder. There was no increase in the presence of neutropenia in the delayed recovery group in comparison to the acute gastroenteritis group, indicating that it was not a predisposing factor for delayed recovery, despite the increased susceptibility to infection when absolute neutrophil counts fall below 1 OOO/mm3. Thus, gastrointestinal and lower respiratory mucosal viral infections appear to be associated with neutropenia whereas bacterial infections of the mucosa do not.
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